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积法制备了三种 Sn-Co 合金/炭复合材料，运用扫描电镜(SEM)和 X—射线衍射





匀, 约 30-40nm, 表面活泼, 易修饰改性。纳米 Sn-Co 合金颗粒与石墨的复合材




高于石墨的理论质量比容量, 达 900mAh/g 以上, 可逆容量可达 500mAh/g 左右。
30 周循环之后维持在 300mAh/g 以上, 而纯石墨材料的试验所得实际容量仅在
230mAh/g 左右。复合材料的放电平台均高于纯石墨材料。此为锂嵌入石墨碳棒
材料和锂锡合金形成的综合表现。 负载了 Sn-Co 合金粒子的石墨比容量比单纯
的石墨材料有较大幅度提高, 但复合材料首次放电过程中形成的 SEI膜并非完全
稳定, 在后面两周的充放电过程中，伴随锂离子的嵌入，少部分散落在石墨碳棒



















体积变化带来的容量变化。复合材料首次放电容量达 840mAh/g 以上, 首次库仑
效率达 70%, 虽然碳纳米管/合金首次容量低于石墨/合金复合材料, 但其容量保






























At present, the commercial anode material for lithium-ion batteries is 
carbonaceous material. ( theoretical specific capacity 372mAh/g ). The information 
technology and the portable electronic equipment development proposes a higher 
request to the lithium ion battery, Sn and Sn-based alloys have higher grade capacity 
for lithium ion battery, they are promising materials to replace carbonaceous materials 
in lithium ion battery, but their cycle capability is worse. This thesis takes mutual 
advantages of carbon and Tin, and the experiments were concerning on that 
nano-sized SnCo alloy particles were deposited and dispersed spontaneously on the 
surface of carbon materials such as laminar graphite, Mesocarbon Microbeads 
(MCMB), Carbon Nanotubes (CNTs) by reductive co-precipitation method, the 
Microstructure and surface configuration were characterized by SEM, XRD analyzed 
crystal structures and Raman measured sample characters during several tens nm in 
the surface of the graphite carbon before and after precipitation. then prepared these 
formed composite materials smear as anode of lithium batteries. Charge and 
Discharge experiments tested Sn-Co/C composite materials’ electrochemical 
performance. The investigation result indicated:       
Composite materials’ electrochemical performance has directly relation with 
carrier and loaded alloys. Laminar graphite and Mesocarbon Microbeads (MCMB) 
are important graphite materials, their surfaces are not very active. Tube diameter of 
CNTs is uniform, about 30-40nm, the surfaces are active and easy to be rectified. 
Nano SnCo/Graphite composite powder was annealed at 500℃ in the protection of 
Ar air. Crystal of SnCo alloy particles renewedly grew on surface of graphite to form 
a fine alloy layer. 
The discharge capacity of graphite and reductive precipitation SnCo alloy particles 
composite materials were distinctly improved than pure graphite. First Discharge 
capacity of Composite materials attained to 900mAh/g, reversible capacity achieved 
to nearly 500mAh/g. After 30 cycles circulation the capacity maintained almost 















Composite materials’ discharge plateaus were higher than pure graphite, they were 
ascribed to multi-behavior of graphite material and formation of lithium-tin alloy. 
Though the capacity of graphite loaded SnCo alloy particles increased evidently than 
pure graphite material, the capacity of composite materials tend to attenuation 
gradually, as SEI (Solid Electrolyte interface) membrane might be not very stable, in 
the next two process of Charge/Discharge, going with the lithium ion inserting, little 
part of SnCo alloy particles which dispersed out of Laminar graphite and MCMB 
swelled, SEI membrane could not fit this volume change and led to cracking, then 
electrolyte deoxidized and decomposed to repair destroyed SEI membrane. The case 
of breakage and repair of SEI consumed limited lithium ion in the battery, caused to 
capacity attenuation. 
Moreover, CNTs loading SnCo alloy particles could avoid this volume and 
capacity change effectively. Since diameter of CNTs are usually several nm to tens 
nm and the length may be over several micron meters, the gaps of interlaced tube and 
tube are nanometer degree. The nanometer degree space could buffer volume change 
during the process of lithium insertion and deinsertion availably. CNTs’ especial 
microstructure made the lithium ion shallow insertion and short course, lithium ion 
not only inserted into wall and cavity of tube, but also inserted into gaps between 
tubes and SnCo alloy particles, that offered a mass of insertion positions and enhance 
the capacity of lithium ion batteries and electrical current density. The first capacity of 
SnCo/CNTs composite material achieved to 840mAh/g, first coulomb efficiency got 
to 70%. Although the first capacity of Sn-Co/CNTs and Sn-Co/grphtite were nearly 
the same, capacity maintenance of Sn-Co/CNTs were obviously better. Discharge 
capacity of 30cycle was over 450mAh/g, thus it can be seen, these results were 
relative with CNTs characteristic. Since the diameters of tubes are always from 
several to more than ten nanometers, the length is several micron, the interlaced gaps 
between tubes are nano-degree. These nano-degree interspaces are effectively 
buffered volume inflate during Lithium insertion. Special microstructure of CNTs 
make the lithium set in with shallow depth and short process. Lithium ions not only 















SnCo/CNTs provides plenty insertion position, that is propitious to Charge/discharge 
capacity and current density of lithium battery. 
The innovation thoughts of this thesis were: (1) Minish particles size, synthesize 
nano-degree grain; (2) Cooperated with Tin and carbon materials, modified carbon 
materials with alloy to form composites with high capacity active materials for 
lithium ion batteries.  
Key words:  Sn-Co/C composite material; reductive precipitation; Li+ intercalation 
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